I n a previous article in IEEE Pulse, autism was reviewed, and we discovered, not without surprise, that the condition as now recognized is barely more than 100 years old [1] . In the same article, a graphical user interface designed specifically for children with autism spectrum disorder (ASD) was presented.
Given the rather widespread custom (at least in the West) of using fireworks (that is, making noise, more or less controlled, depending on the place) as a means of celebration on certain specific days-Christmas, New Year's Eve, the Fourth of July in the United States, Mardi Gras or Carnival, and sometimes local religious festivities in small communities-this column discusses the potential damage of such noise to autistic children. Damage to pets and animals in general should also be considered. Moreover, the following questions should be posed: ▼ Are we acting like civilized people? ▼ Is there anything the authorities or ordinary citizens can do about the issue?
Autism Disorder spectrum
Stuart Neilson was diagnosed with Asperger's syndrome in 2009 at the age of 45. After many years of ineffective psychiatric treatment, he became involved in higher education and research, including statistics, medical information systems, disability, and, currently, autism studies.
He has contributed to a number of books, including guides to multiple sclerosis, motor neuron disease, and Asperger's syndrome. His work is quite an outstanding example that deserves to be referred to, as it represents a firsthand case that also presents a good account of the subject [2] . Adolescence, the transition between childhood and adulthood, is a period of remarkable physiological, psychological, and social change. A variety of physiological developments coincide with the dynamic transition, which is evident in the regulation and responsivity of the limbichypothalamic-pituitary-adrenocortical axis. Specifically, elevations in diurnal basal cortisol levels have been reported as well as higher cortisol in response to perceived stressors. Although this enhanced responsivity may help prepare the individual to adapt to increased demands and new challenges, it may also mark a time of increased vulnerability in populations already prone to enhanced physiological arousal and poor adaptation to change, such as those with autism.
To date, most studies investigating the integrity of the limbic-hypothalamic-pituitary-adrenocortical axis in children with ASD have shown more variable diurnal regulation and a pattern of enhanced responsivity to stress. There is also evidence of more marked reactivity over the course of their development, suggesting that adolescence may be a time of increased risk for pronounced physiological arousal and social stress. This critical review briefly summarizes the literature to date on autism and adolescence. It suggests an enhanced interplay between social functioning and stress in ASD during this period of life [3] .
Hypersensitivity to Noise
Dickie et al., in 2009, described the sensory experiences of children with and without autism. The parents of 66 preschoolers (29 exhibiting typical development and 37 with autism) characterized situations in which their child had "good" and "bad" sensory experiences and their perception of how these situations felt to the child. The most common unpleasant experiences for both groups related to sound; the most common pleasant experiences involved touch and movement.
Children with autism were reported to have more extreme or unusual experiences and negative food-related experiences than their peers who were de veloping more typically. The parental explanations for the children's responses focused on the qualities of the child, the stimulus, or the context. The parents of children with autism were more likely to recognize elements in their children's experiences as being sensory and to attribute those responses to aspects of autism. The parents' positive response to the interview itself was an unexpected result, with clinical relevance [4] .
More than half of young people with ASD have sensory overresponsivity (SOR), an extreme negative reaction to sensory stimuli. However, little is known about the neurobiological basis of SOR, and there are few effective treatments. Understanding whether SOR is due to an initial heightened sensory response or to deficits in regulating emotional reactions to stimuli has important implications for intervention. The objectives set by Green et al., in 2015, were to determine differences in brain responses, habituation, and connectivity during exposure to mildly aversive sensory stimuli in youth with ASD and SOR compared with youth with ASD without SOR and also compared with typically developing control subjects; a particular goal was to observe the apparent minor differences between the groups with and without SOR. 
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By Max E. Valentinuzzi responses and habituation to mildly aversive auditory and tactile stimuli in 19 high-functioning youths with ASD and 19 age-and IQ-matched typically developing youths (age range, 9-17). The brain activity was related to the parents' ratings of the children's SOR symptoms. The functional connectivity between the amygdala and orbitofrontal cortex was compared between ASD subgroups with and without SOR and the typically developing controls without SOR. The study dates were March 2012 through February 2014. The relative increases in blood-oxygen-level-dependent signal response across the whole brain and within the amygdala during exposure to sensory stimuli were measured and compared with fixation as well as correlation between blood-oxygen-level-dependent signal change in the amygdala and orbitofrontal cortex.
The mean age in both groups was 14 years, and the majority in both groups (16 of 19 each) were male. Compared with the neurotypical control participants, the participants with ASD displayed stronger activation in primary sensory cortices and the amygdala (P < 0.05). This activity was positively correlated with SOR symptoms after controlling for anxiety. The ASD-with-SOR subgroup had decreased neural habituation to stimuli in sensory cortices and the amygdala compared with groups without SOR. Youths with ASD without SOR showed a pattern of amygdala downregulation, with negative connectivity between the amygdala and orbitofrontal cortex (P < 0.05). The Merriam-Webster dictionary defines downregulation as the process of reducing or suppressing a response to a stimulus; specifically, it is a reduction in a cellular response to a molecule (as insulin) due to a decrease in the number of receptors on the cell surface.
The authors concluded that youths with ASD and SOR show sensorilimbic hyperresponsivity to mildly aversive tactile and auditory stimuli, particularly to multiple modalities presented simultaneously; this hyperresponsivity is due to failure to habituate. In addition, the findings suggest that a subset of youths with ASD can regulate their responses through prefrontal downregulation of amygdala activity. The implications for intervention include minimizing exposure to multiple sensory modalities and building coping strategies for regulating the emotional response to stimuli [5] .
According to the Autism Society, one in 68 children born in the United States will exhibit some degree of autism. The incidence of autism increased 119.4% from 2000 to 2010 and is a fast-growing disability. These children come with a special list of needs that are critical to their development. One of the most common symptoms of autism is extreme noise sensitivity. Autistic children can often hear things well before nonautistic children or their parents can catch the sound. Everyday noises can cause extreme pain, noise paranoia, screaming fits, and anxiety.
There are five common types of noise sensitivity in autistic children: ▼ hyperacu sis ▼ specific frequencies hypersensitivity ▼ recruitment ▼ phonophobia ▼ misopho nia [6] . Children who experience noise as an unpleasant sensation, or even as physical pain, develop defensive reactions (such as covering their ears) and avoidance reactions (seeking places without noise). The most immediately obvious consequence is a loss of social opportunity. Normally, children are noisy, school is noisy, many workplaces are noisy, and most socializing outside the home is centered around noise. Avoiding these experiences means avoiding elements of childhood play, education, employment, and adult friendships that other people take for granted.
Discussion
Obvious risks become apparent, as an autistic child in a spell of panic produced by fireworks may leave his or her home, get lost, and even suffer a serious accident. But not only human beings may fall prey to unpleasant noises. While humans have learned to expect fireworks when festivities take place, such noise can be quite startling to dogs and other animals.
Dogs have keen senses that make fireworks a more intense experience for them. Not only do pyrotechnics produce intense sounds and sights but also an odor to which dogs may be sensitive. Dogs feel the same kind of startled response we do when surprised by a loud noise. This may mean an increase in heart rate, a rush of adrenaline, and a burst of stress hormones. Dogs, however, can be trained to accept intense noises, as witnessed in special breeds like Labradors and German shepherds that work with police and military units. Good advice on helping dogs deal with fireworks can be found in [7] .
How well dogs and other animals hear is a relevant question that deserves to be addressed. The answer, however, is not straightforward. Testing in animals 
FIGURE 1
Audiograms compiled from several published references [8] . Frequency is displayed on a logarithmic scale from 10 to 100,000 Hz, while stimulus intensity is given in decibels, from −30 to 80 db. curve 1 was determined from an undisclosed breed, while curves 2, 3, 4, and 5 correspond, respectively, to the poodle, dachshund, saint bernard, and chihuahua. spL: sound pressure level.
differs from the methods commonly used with humans.
When determining the frequency range in animals, an investigator usually must first train the animal to respond to a presented sound stimulus by selecting between two actions and using rewards. Often, this response is an attempt to drink or eat from one of two dispensers when a sound is heard. The sounds are randomly presented from one side or the other, and the subject must select the correct dispenser (on the same side as the stimulus) to get the reward; otherwise, no food or drink is dispensed. This is done with the animal hungry or thirsty to motivate a response. The stimuli are different pure tones at varied frequencies, expressed in Hertz, and at different intensities, in decibels. The investigator then plots the responses on an audiogram. The plot of responses is a bowl-shaped curve, steeper on the highfrequency end. A series of five typical audiograms for different breeds of dog (Canis canis) is shown in Figure 1 .
In general, dogs had greater sound sensitivity (detected lower-intensity sounds) than humans, and cats had greater sensitivity than dogs, indicated by how low on the y axis points were located. Choosing the frequencies for reporting the frequency range for dogs is difficult. Nevertheless, Table 1 reports the approximate hearing range for different species in an attempt to apply the same cutoff criteria to all [9] . Regrettably, because different experimental methods were used in the different studies, too much value should not be placed on the comparisons [10] .
Conclusions
Let us end by returning to the two questions raised at the beginning of this article: ▼ Are we acting like civilized people? ▼ Is there anything the authorities or ordinary citizens can do about the issue of autistic people and noise? Unfortunately, we find ourselves in an essentially hopeless position because it becomes extremely difficult to go beyond simple advice and calls for understanding, among both experts and ordinary people. This article perhaps contributes a grain of sense to the discussion. Has bioengineering any useful suggestions? 
